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TECHNICAL FIELD OF THE DISCLOSURE 

[OOOIJ This invention, in general, relates to draw resonant resistant multilayer films, 
methods for manufacturing same, and articles including same. 

BACKGROUND 

[0002] Increasingly, manufacturers are turning to polymers to create surfaces that are 
resistant to chemical and envirormiental damage. For example, fluorinated polymers 
exhibit a resistance to damage caused by exposure to chemicals, such a methyl ethyl 
ketone (MEK), a resistance to stains, and a resistance to damage caused by exposure to 
environmental conditions. Such polymers have been used in applications such as 
airplane and train cargo hold liners, vinyl siding surface treatments, and photovoltaic 
protective coverings. 

[0003] However, processing of such films for use in these applications is difficult. Line 
speed in production is often limited by the appearance of draw resonance at relatively low 
line speeds, such as below 50 feet per second. These processing limitations increase 
costs and reduce the availability of these beneficial films. As such, robust multilayer 
films having preferred mechanical and processing properties are generally desirable in 
the art. 
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SUMMARY 

[0004] Aspects of the invention are found in a multilayer film including a first layer and 
a second layer. The first layer has a fluorinated polymer. The second layer has a melt 
strain-hardening component and forms no more than about 30% by volume of the 
multilayer film. 

[0005] Further aspects of the invention are found in a multilayer film having a first layer 
and a second layer. The first layer includes greater than about 70% by weight of a non- 
polyolefin melt strain-hardening polymer. The non-polyolefin melt-strain hardening 
polymer has an increasing tensile force in a draw ratio domain between draw ratios of 
about 5:1 and about 30:1. The first layer forms no more than about 30% by volume of 
the multilayer film. The second layer includes a second polymer. The second polymer 
has a generally flat tensile force in the draw ratio domain. 

[0006] Further aspects of the invention are found in a method of manufacturing a 
multilayer film. The method includes extruding a first layer having greater than about 
70% by weight of a non-polyolefin melt strain-hardening polymer. The non-polyolefin 
melt-strain hardening polymer has an increasing tensile force in a draw ratio domain 
between draw ratios of about 5:1 and about 30:1. The first layer forms no more than 
about 30% by volume of the multilayer film. The method fiirther includes extruding a 
second layer including a second polymer. The second polymer has a generally flat tensile 
force in the draw ratio domain. 

BRIEF DESCMPTION OF THE DRAWINGS 

[0007] The present disclosure may be better understood, and its numerous objects, 
features, and advantages made apparent to those skilled in the art by referencing the 
accompanying drawings. 

[0008] Figures 1, 2 and 3 depict exemplary embodiments of multilayer films. 
[0009] Figure 4 depicts extensional velocity data for exemplary film components. 
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[0010] The use of the same reference symbols in different drawings indicates similar or 
identical items. 

DETAILED DESCRIPTION 

[00111 In a particular embodiment, the disclosure is directed to a multilayer film. The 
multilayer film typically has a layer including a material that is resistant to damage 
caused by chemical and/or environmental exposure. The multilayer film also has a 
second layer comprising a melt strain-hardening material. The multilayer film may 
further include additional layers including materials having desirable mechanical 
properties. 

[0012] Figure 1 depicts an exemplary multilayer film. The exemplary film 100 has at 
least two layers, 102 and 104. Layer 102 comprises a damage resistant polymer resistant 
to damage by chemical and environmental exposure. Layer 104 comprises a melt strain- 
hardening component that may exhibit higher tensile force than the polymer of first layer 
in the melt phase. In a particular embodiment, layer 104 forms no more than about 30% 
by volume of the multilayer film 100. For example, layer 104 may form no more than 
about 10% by volume of the multilayer film or about 5% by volume of the multilayer 
film. 

[0013] Layer 102 comprises a polymer component resistant to chemical and/or ^ 
environmental exposure. In other exemplary embodiments, the material may have 
nonstick properties and be resistant to staining. The polymer component may be a 
fluorinated polymer. For example, the polymer component may be a fluorinated polymer 
such as a fluorine substituted olefin polymer comprising at least one monomer selected 
from the group consisting of vinylidene fluoride, vinylfluoride, tetrafluoroethylene, 
hexafluoropropylene, trifluoroethylene, chlorotrifluoroethylele, ethylene- 
chlorotrifluoroethylene, and mixtures of such fluoropolymers. The fluoropolymer 
polymers include polyvinylidene fluoride (PVDF) and PVDF copolymers, such as 
vinylidene fluoride/hexafluoropropylene copolymer. Many fluoropolymers are 
commercially available fi'om suppliers in various grades. For example suppliers can 
supply multiple resins having nominally the same composition but different properties, 
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such as different molecular weights to provide specific viscosity characteristics. 
Exemplary PVDF polymers include PVDF 1010 and PVDF 21510 by Solvay. It is 
contemplated that the fluoropolymer component of the layer 102 can include a melt blend 
of multiple fluoropolymers in place of one such polymer. Alloys of PVDF homopolymer 
and PVDF copolymer may provide the film with improved elastic modulus and gloss 
reduction. In one exemplary embodiment, the polymer may consist essentially of 
fluorinated polymer and substantially no melt strain-hardening components. 

[0014] Layer 1 04 may comprise a polymer component exhibiting melt strain-hardening 
at processing conditions. In one exemplary embodiment the melt strain-hardening 
component is a non-polyolefm polymer that exhibits melt strain-hardening at draw ratios 
greater than 10:1. In another exemplary embodiment, the melt strain-hardening 
component is a non-polyolefm polymer component exhibiting a tensile force smoothed 
slope in the melt phase of greater than about 0.03 cN between the draw ratios of between 
0 and greater than 30: 1 . For example the tensile force to draw ratio slope may be greater 
than about 0.04 cN in the draw ratio domain between about 10:1 to about 20:1 or about 
1 0: 1 to about 15:1. In another embodiment, the melt-strain hardening component may 
exhibit increasing smoothed tensile force in the draw ratio domain between about 5:1 and 
about 30:1, such as between about 10:1 and about 15:1 or between about 20:1 and about 
30: 1 . In a further exemplary embodiment, the melt strain-hardening polymer exhibits 
melt strain-hardening in which the polymer exhibits a positive ratio of change in tensile 
force to change in draw ratio in the draw ratio domain of between a first draw ratio and a 
second draw ratio, wherein the damage resistant polymer may exhibit a melt plateau in 
the same domain. According to a particular embodiment, the melt strain-hardening 
polymer exhibits a tensile force to draw ratio slope of greater than about 0.03 cN in the 
desired draw ratio domain. For example, the melt strain-hardening polymer may exhibit 
a slope of not less than about 0.04 cN or about 0.05 cN. In contrast, the damage resistant 
polymer may exhibit a small slope or generally flat slope of less than about 0.03 cN, such 
as substantially zero cN. In a further exemplary embodiment, the melt strain hardening 
polymer exhibits a positive ratio change in tensile force to change in draw ratio in the 
draw ratio domain of about 10:1 and about 15:1 during processing at about 230°C. The 
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damage resistant polymer exhibits a generally flat slope in the same draw ratio domain 
under the same processing conditions. 

[0015] The melt strain hardening polymer may, for example, be a non-polyolefin 
polymer such as an acrylic and not a polyethylene or polypropylene. In another 
exemplary embodiment, the melt strain hardening polymer may be a high average 
molecular weight fluoropolymer. In one exemplary embodiment, the non-polyolefin 
polymer may be a branched polymer. In another exemplary embodiment, the non- 
polyolefin polymer may be a linear polymer. Acrylic polymer may be an alkyl group 
having from 1-4 carbon atoms, a glycidyl group or a hydroxyalkyl group having from 1-4 
carbon atoms. Representative acrylic polymers include polymethyl methacrylate, 
polyethyl methacrylate, polybutyl methacrylate, polyglycidyl methacrylate, 
polyhydroxyethyl methacrylate, polymethyl acrylate, polyethyl acrylate, polybutyl 
acrylate, polyglycidyl acrylate, polyhydroxyethyl acrylate and mixtures thereof. 

[0016] The acrylic polymer may, for example, be an impact grade or impact modified 
acrylic. Impact-modified acrylic polymers generally comprise a copolymer of monomers 
of acrylic monomers with an efifective amount of suitable comonomer or graft moiety to 
produce the desired elastic modulus and impact resistance. An acrylic elastomer, 
sometimes referred to as acrylate rubber, polyacrylate rubber, polyacrylic elastomer or 
"ACM" and which is a composition based on a mixture of a polyacrylate and 
polymethacrylate, a polyacrylate and ethylene methacrylate copolymer ("EMAC"), [such 
as Chevron Chemicals EMAC 2260] or a polyacrylate and ethylene butylacrylate 
("EBAC") can be used. Alternatively a thermoplastic impact-modified acrylic polymer 
can be a blend of a clear glassy acrylic polymer, such as a plastic copolymer of ethylene 
and a carboxylic acid compound selected from acrylic acid, methacrylic acid and 
mixtures thereof, with elastomeric components, for example. 

10017] The impact-modified acrylic polymer generally includes fine particles of the 
elastomer dispersed uniformly in the plastic copolymer. The impact grade acrylic may 
comprise transparent toughened thermoplastic blends prepared by blending 10 to 99 
weight percent of a block copolymer; 0.1 to 1 weight percent of particulate rubber having 
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a particle size from 0.1 to 10 microns; and the balance a clear glassy polymer. Another 
suitable technique for making impact-modified acrylic polymer employs the use of a so- 
called "core/shell" product, such as Atofina DR-101 resin. These generally are polymer 
particles that have a central core of one polymer surrounded by a shell of another 
polymer. The core can be either the plastic or elastomer component and the shell will be 
the opposite, i.e., elastomer or plastic component. The core/shell particles are fed to a 
melt mixing apparatus, such as a melt extruder in which the core and shell domains are 
blended in the melt phase to form a homogeneous blend on a much smaller scale and a 
film is formed from the extrudate of this homogeneous blend. 

[0018] In one particular embodiment, the melt strain hardening material may be a linear 
impact modified acrylic. In a further exemplary embodiment, the melt strain hardening 
acrylic may be a branched impact modified acrylic. Generally, linear acrylic polymers 
that are not impact modified, such as those typically used in. adhesive layers, are not 
suitable. However, an acrylic exemplifying melt strain hardening behavior in the desired 
draw ratio domain is suitable. 

[0019] In one exemplary embodiment, the layer 104 comprises a blend of melt strain- 
hardening polymer and other components. For example, the layer 104 may comprise 
greater than about 70% of the melt strain-hardening component, such as, impact grade 
acrylic. In an exemplary embodiment, the layer may comprise greater than about 75% 
impact grade acrylic or greater than about 80% impact grade acrylic. Layer 1 04 may also 
include other components such as the damage resistant polymer. For example, the layer 
104 may include no more than about 25% PVDF, PVDF copolymer or blend thereof by 
weight. In other exemplary embodiments layer 104 may include no more than about 20% 
PVDF by weight or no more than about 10% PVDF by weight. In one embodiment, layer 
104 consists essentially of the melt-strain hardening component. 

[0020] Figure 2 depicts another exemplary embodiment of a multilayer film. The 
multilayer film 200 includes layers 202, 204, and 206. Layer 202 may, for example, 
include a damage resistant polymer. In an alternate embodiment, layer 202 may be an 
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adhesive layer. Layer 204 may include a melt strain-hardening component. Layer 206 
may include a polymer component exhibiting a desirable mechanical property. 

[0021] In one exemplary embodiment, layer 202 comprises no more than about 20% by 
volume of the multilayer film. For example, layer 202 may comprise no more than about 
10% by volume or no more than about 5% by volume of the multilayer film. Layer 204 
may comprises no more than about 20% by volume of the multilayer film. For example, 
layer 204 may comprise no more than about 10% of the multilayer film or no more than 
about 5% of the multilayer film. Layer 206 may comprise greater than about 40% by 
volume of the multilayer film. For example, layer 206 may comprise greater than about 
60% by volume or greater than about 80% by volume of the multilayer film. 

[0022] Layer 202 may comprise a damage resistant polymer, such as a fluorinated 
polymer such as PVDF. Layer 202 may comprise blends of damage resistant polymers, 
other polymers, and inorganic fillers. In an alternate embodiment, layer 202 may 
comprise an adhesive component, other polymers, and inorganic fillers. Layer 204 may 
comprise a melt strain-hardening component and may be a blend including other 
polymers such as the damage resistant component. 

[0023] Layer 206 may comprise a component with desirable mechanical properties, 
which are manifested in the resulting multilayer film. Such mechanical properties 
include elongation, flexibility and drape. These properties may, for example, be similar 
to the properties of fluoropolymer film. In one exemplary embodiment, layer 206 
comprises the damage resistant component in a blend of other components. Layer 206 
comprises a fluorinated polymer. In particular embodiment, layer 206 comprises greater 
than about 20% by weight of a fluorinated polymer such as those fluorinated polymers 
listed above such as PVDF. Layer 206 may also include the melt strain-hardening 
component such as impact grade acrylic, inorganic fillers, organic fillers, antioxidants, 
UV additives, flame retardants, antidegradation additives, and adjuvants, among others. 
For example, layer 206 may include minor but significant fractions of antidegradation 
additives and adjuvants. The inorganic filler may, for example, be titanium dioxide, zinc 
oxide, iron oxide, calcium carbonate, carbon black, color pigments and clays. In one 
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exemplary embodiment, layer 206 comprises greater than about 30% by weight PVDF, 
no more than about 35% impact grade acrylic, an inorganic filler, and antidegradation 
additive. 

[0024] Layers should have adequate compatibility with the adjacent layers and the 
substrate compositions to adhere well to both. In alternate embodiments, layers 206 and 
204 may be reversed in order. In another alternate embodiment, layer 202 may be absent 
or substitute with a layer identical to layer 206. 

[0025] Figure 3 depicts an exemplary embodiment of a multilayer film. The multilayer 
film includes five layers, 302, 304, 306, 308, and 310. Layers 302 and 310 may, for 
example, comprise damage resistant polymer components such as fluorinated polymers 
such as PVDF or an adhesive polymer such as an acrylic. Layers 304 and 308 may, for 
example, comprise a melt strain-hardening component such as impact grade acrylic 
polymers. Layer 306 may, for example, comprise a polymer with desirable mechanical 
properties and may, for example, be a blend of the fluorinated polymer and the impact 
grade acrylic. In an alternate embodiment, layers 304 and 308 may comprise a polymer 
with desirable mechanical properties and layer 306 may comprise a melt strain-hardening 
component. 

[0026] In one embodiment, layers 302 and 310 formed of a damage resistant polymer 
component, together comprise no more than about 20% by volume of the multilayer film. 
For example, each layer 302 and 310 may comprise no more than about 10% by volume, 
or no more than about 5% by volume of the multilayer film. Layers 304 and 308 formed 
of the melt strain-hardening component, together may comprise no more than about 40% 
by volume of the multilayer film. For example, layers 304 and 308 may form no more 
than about 10% by volume each, or no more than 5% by volume each of the multilayer 
film. Layer 306, formed of a component having desirable mechanical properties, may 
comprise greater than about 40% by volume of the multilayer film. For example, layer 
306 may form greater than about 60% of the multilayer film, or even greater than about 
80% of the multilayer film. In an alternate example, in which layer 306 is split into 
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multiple layers, the combined layers provide greater than about 40% by volume of the 
multilayer film, 

[0027] In one exemplary embodiment, the film structure may be A/C/B/C/A where each 
letter represents a different material extruded from a unique extruder. Layer A may, for 
example, be a 100% Solvay PVDF 1010 and each layer A may form about 10% by 
volume of the multilayer film. Layer B may be a PVDF/acrylic blend comprising greater 
than about 60% by weight PVDF homopolymer and/ or copolymer and not more than 
about 40% acrylic by weight. Layer B may form greater than about 40% by volume of 
the multilayer film. Layers C may be formed of Atofina impact grade acrylic DRIOI and 
each of the C layers may make up less than about 10% by volume of the multilayer film, 
such as about 5% by volume. 

[0028] In another exemplary embodiment, the film structure may be A/C/B/C/D where 
each letter represents a different material extruded from a unique extruder. Layer A may, 
for example, be a 100% Solvay PVDF 1010 and may form about 10% by volume of the 
multilayer film. Layer B may be a PVDF/acrylic blend comprising greater than about 
60% by weight PVDF and not more than about 40% acrylic by weight. Layer B may 
form greater than about 40% by volume of the multilayer film. Layers C may be formed 
of Atofina impact grade acrylic DRlOl, each of the C layers making up less than about 
10%, such as about 5% by volume of the multilayer film. Layer D may form 
approximately 30% by volume of the multilayer film. Layer D may comprise similar 
materials to Layer B. However, Layer D may be enhanced for custom properties, such as 
having a lower melting temperature (e.g. more acrylic) for heat sealing. Layer B may 
also be used exclusively for the addition of recycle and trim. 

[0029] In another exemplary embodiment, the film structure may be A/C/B/C/B. Layer 
A may be a 100% Solvay PVDF 1010 and may comprise about 10% by volume of the 
multilayer film. Layers B may comprise a PVDF/acrylic blend comprising greater than 
about 60% PVDF and no more than about 40% acrylic by weight. The B layers may, in 
combination, comprise about 70% by volume of the multilayer film. In one exemplary 
embodiment, the outside B layer may comprise between about 20 to 35% of the total film 
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volume. The C layers may be an Atofina impact grade acrylic DRIOI . Each of the C 
layers may comprise about 5% by volume of the total film volume. 

[0030] In a further exemplary embodiment, the film structure may be A/B/C wherein 
layer A is 100% Solvay PVDF 1010, comprising about 5-10% by volume of the film. 
Layer B is a PVDF and acrylic blend comprising about 30-80 wt% PVDF, such as about 
60 wt% PVDF, and about 40 wt% acrylic. Layer B comprises about 80-90% by volume 
of the film. Layer C is a PVDF and acrylic blend comprising about 55-100 wt% acrylic, 
such as about 60-70 wt% acrylic and about 30-40 wt% PVDF. Layer C comprises about 
5-10% by volume of the film. In one example, Layer C may include greater than 70 wt% 
melt strain hardening acrylic. In another example, an additional Layer D may be added 
comprising greater than 70 wt% melt strain hardening acrylic. 

[0031] Another exemplary structure may be C/B/C in which layer C is a PVDF and 
acrylic blend comprising about 55-100 wt% acrylic, such as about 60-70% acrylic and 
about 30-40 wt% PVDF. Layer B is a PVDF and acrylic blend comprising about 30-80 
wt% PVDF, such as about 60 wt% PVDF and about 40 wt% acrylic. Layer C comprises 
about 5-10% by volume and layer B comprises about 80-90 % by volume of the film. In 
one exemplary embodiment, at least one of the Layers C may include greater than 70 
wt% melt strain hardening acrylic. In another example, an additional Layer D may be 
added comprising greater than 70 wt% melt strain hardening acrylic. 

[0032] A fiirther exemplary embodiment includes at least 3 layers extruded via 3 
extruders. A first layer includes a fluoropolymer. A second layer includes a melt strain 
hardening component and a third layer is an adhesive layer comprising greater than about 
55 wt% acrylic, such as greater than about 70 wt% acrylic. 

[0033] Another exemplary embodiment includes at least 4 layers, such as 5 layers. Layer 
1 includes a fluoropolymer. Layer 2 includes a melt strain hardening component. Layer 
3 includes between about 20 wt% and 80 wt% acrylic and between about 20 wt% and 80 
wt% fluoropolymer. An optional layer 4 includes the melt strain hardening component. 
Layer 5 is an adhesive layer. The 5-layer structure may be formed using 4 extruders. 
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[0034] An alternate exemplary embodiment includes at least 4 layers, such as 5 layers. 
Layer 1 is an adhesive layer. Layer 2 includes a melt strain hardening component. Layer 
3 includes between about 20 wt% and 80 wt% acrylic and between about 20 wt% and 80 
wt% fluoropolymer. An optional layer 4 includes the meU strain hardening component. 
Layer 5 is an adhesive layer. The 5-layer structure may be formed using 4 extruders. 

[0035] Such multilayer films may be manufactured by co-extruding the foregoing 
embodiments. 

[0036] Figure 4 characterizes the behavior of several materials, including damage 
resistant polymers\ PVDF 1010 and PVDF 21510, and melt strain-hardening acrylic 
polymers, such as Atofina DRIOI. The tests were performed with a Goettfert Rheo-Tens 
device. Themeltchamberhasadiameter of 12mm. The tests were performed with a 
piston speed of 0.060764 mm/s, a chamber pressure of 1 87 bars, and a temperature of 230 
C. The capillary entrance angle was 70 degrees. The capillary had a diameter of 1mm 
and a length to diameter ratio of 20. The take-off strand length was 115 mm. The wheels 
were standard with a 0. 1mm gap. The acceleration of draw down velocity was 3 mm/s^. 

[0037] The exemplary damage resistant components and acrylic Cyro H-1 5 depict a melt 
plateau in which the slope of change in tensile force versus the change in draw ratio is 
small to zero, generally less than about 0.03 cN in the draw ratio domain of 10:1 to 20:1. 
In contrast, the melt strain-hardening components, such as Atofina DRlOl, exhibit a 
positive slope in the same regions at which the melt plateau occurs for the PVDF 
examples. In particular, the melt strain-hardening polymers exhibit a slope of greater 
than about 0.03 cN for draw ratios between 10:1 and 20:1. In one exemplary component, 
the slope is greater than 0.04 cN, and may be greater than about 0. 1 cN between draw 
ratios of 10:1 and 20:1. 

[0038] According to embodiments of the present invention, various multi-layer films are 
provided that have desirable film properties, and which may be made economically. In 
particular, extruded multi-layer films are generally provided that can be drawn at a line 
speed greater than about 50 ft/sec with substantially no draw resonance. Indeed, 
embodiments may be formed at substantially higher line speeds, such as greater than 
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about 75 ft/sec or even greater than 100 ft/sec. In one example, a 10% tie layer 
comprising 100% melt strain hardening acrylic was shown to effectively reduce draw 
resonance at line speeds of about 100 ft/sec. As utilized herein, the descriptive phrase 
"substantially no draw resonance," generally means no periodical gauge variations in the 
web direction of 30% or more. Fabrication at such high lines speeds is typically 
desirable, as maximum line speed, the line speed at which unacceptable draw resonance 
occurs or other undesirable processing conditions occur, generally dictates production 
throughput. In line with the foregoing, according to embodiments of the present 
invention, the multi-layer films may be successfully formed at relatively high draw ratios, 
such as greater than about 1 0: 1 , or even greater than about 15:1. In addition to desirable 
processing characteristics, the multilayer films demonstrate desirable mechanical and/or 
chemical properties. For example, the multilayer film may exhibit desirable flexibility, 
elongation, and drape. 

[0039] While various examples and embodiments have been described above, it is 
understood in the art that modifications thereto may be made by one of ordinary skill in 
that art without departing from the scope of the present claims. 
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